ABSTRACT Approximately 3% of children and adolescents in the UK have severe obesity. The incidence of cardiovascular risk factors such as hypertension, hyperinsulinism and hyperlipidaemia approaches 20% in such individuals. Lifestyle intervention programmes and pharmacotherapy are effective in some individuals, but the relapse rate is high. In exceptional cases, bariatric surgery is effective. This review outlines the scale of the problem, highlights those at risk and discusses referral, current services, appropriate screening and therapeutic interventions.
Given the high proportion of children and adolescents who are obese, how should clinicians assess obesity and in whom should we consider further investigation? BMI is recommended as the most appropriate measure of overweight and obesity. It has limitations and it is not a direct measure of adiposity. 5 It can overstate the degree of overweight, particularly in tall lean children. However, alternatives such as waist:hip ratio, dual energy x-ray absorptiometry (DEXA) assessment of body fat and skin fold thickness are more complex to use. In routine practice, BMI remains the most reliable metric. 5 In children, BMI varies significantly with age, so unlike adults a single definition cannot be used (in adults, BMI >25 kg/m² is defined as overweight and BMI >30 kg/m² as obese -an adult BMI of 30-34.9 is termed as class 1 obesity, a BMI of 35.0-39.9 as class 2 obesity and an adult BMI of >40 as class 3 obesity-formerly morbid obesity). It is important, therefore, to make use of BMI centile charts in paediatrics (see figure 1) . 6 It is also important to appreciate the different definitions of overweight and obesity used for epidemiological monitoring purposes and for clinical assessment. Within the National Child Measurement Programme, a BMI >85th centile is defined as overweight and >95th centile obese. 1 In clinical practice, cut-offs suggested by the Scottish Intercollegiate Guideline Network (SIGN) guidance, based on the UK 1990 Growth Cohort, are that a BMI >91st centile should be considered overweight, >98th centile obese and >99.6th centile severe obesity. The SIGN guidance also suggests further thresholds based on SD scores (SDSs) of >3.5 SD for 'very severe' obesity and >4.0 SD for 'extreme obesity'. 7 A childhood BMI SDS of >3.5 is equivalent to an adult BMI of 40-class 3 obesity-morbid obesity. 8 Differing definitions are used and the most widely used definition of severe paediatric obesity in the literature is BMI >99th centile, which is equivalent to an adult BMI >30 kg/m² (class 1 obesity).
2 This definition is in line with the International Obesity Task Force definitions of overweight, which approximate to the 91st centile for overweight and 99th centile for obesity. 9 There is no clear threshold at which children are at increased risk of comorbidities. Even children with modest degrees of overweight and obesity have an adverse metabolic cardiovascular risk profile. The Bogalusa Heart Study in the USA demonstrated that in children aged 5-10 years of those overweight (BMI >85th centile), 7% had systolic hypertension; in obese children, 12% had high blood pressure and in severely obese children, 22% had raised blood pressure. 10 Similar adverse risk profiles were seen for raised cholesterol, triglycerides and elevated fasting insulin levels in children aged 5-10 years and those aged 11-17 years. 10 Obese children were 7 times more likely to have raised triglycerides and 12 times more likely to have raised fasting insulin levels. 10 In another North American study, impaired glucose tolerance was detected in 25% of obese children (4-10 years of age) and 21% of obese adolescents (11-18 years of age). 11 Previously undetected type 2 diabetes was present in 4% of the adolescents. 11 In all studies, increasing obesity was associated with a sharp increase in the incidence of hypertension, hyperinsulinism and hyperlipidaemia. Similarly, obstructive sleep apnoea is reported to occur in up to 60% of patients with extreme obesity (BMI+4.0 SDS) and in approximately 10% of children with severe obesity. 12 A meta-analysis of over 30 studies demonstrated non-alcoholic fatty liver disease (alanine transaminase (ALT) twice the upper limit of normal) in up to 34% of children with severe obesity. 13 What is often underestimated is the impact on psychological health and general well-being of childhood obesity. In a cross-sectional study, 34% of obese girls had low self-esteem compared with 8% of the control population.
14 Obese adolescents have lower levels of academic educational attainment and progression into higher education, are less likely to form stable relationships and are significantly more likely to live in poverty in later life. 15 Even at modest levels of obesity, potential long-term risk factors are evident in both prepubertal and postpubertal children. As the degree of obesity increases, the risk of weight-related health problems increases sharply. So, who needs further assessment? The consensus statement from the Obesity Services for Children and Adolescents (OSCA) network suggested that any child with a BMI >98th centile should be assessed-in primary care initially and opportunistically in secondary care. 8 It suggested formal referral to secondary care for those with identified comorbidities and for any child with a BMI SDS >3.5-'very severe obesity'.
Services for the management and treatment of overweight and obesity in children are organised in line with a classical commissioning pyramid (see figure 2) . Tier 1 consists of public health measures, simple ad hoc interventions and opportunistic advice to families. Many families fail to identify that their child is overweight. Studies have suggested that professional identification of overweight does prompt some families to seek support without there being any evidence to suggest it does harm. 16 Clinicians should therefore where possible seek opportunistically to discuss a child's weight.
At all levels of obesity, lifestyle modifications and lifestyle interventions are fundamental to management. Where a child is identified as having a problem, a referral to a local Tier 2 community weight management programme should be considered. There is wide variation in the provision of interventions in the UK. Some are commissioned from providers such as MEND, More Life and Alive & Kicking who provide programmes in a number of different localities. Others are locally developed. Programmes typically comprise of group sessions, frequently at a local sports centre, with individuals attending once or twice a week for 10-12 week programme. A large number of studies of lifestyle interventions in children have been reported. 17 Studies have varied in quality, nature of the intervention, clinical setting and the degree of obesity addressed.
A number of high-quality systematic reviews and meta-analyses of the evidence have been conducted-principally, the evidence summary for the National Institute for Health and Figure 1 Examples of the two most widely used body mass index (BMI) centile charts in the UK based on the UK 1990 Growth Cohort and incorporating SD scores to illustrate very severe and extreme childhood obesity together with the International Obesity Task force cut-offs. 6 9 Figure 2 Commissioning pyramid for the organisation of weight management services for children.
Care Excellence (NICE) Clinical Guideline CG43, 5 the Cochrane review 'Interventions for treating childhood obesity' published in 2010 17 and the systematic review commissioned for the US Preventative Services Task Force (USPSTF) published in 2008. 18 The conclusions of these evidence reviews were similar: ▸ There were no data to recommend any one particular lifestyle intervention or treatment programme over another. ▸ Combined behavioural and lifestyle interventions (focusing on diet, activity levels and behavioural management) were most effective though the relapse rate was high. ▸ In all age groups, but particularly in younger children, interventions focused on families and parents as opposed to young people were most effective. ▸ Behavioural interventions of medium to high intensity conducted in specialist facilities were most effective compared with low-intensity interventions in primary care. ▸ In adolescents, pharmacological treatment as an adjunct to lifestyle intervention alone was more effective, but again with a high relapse rate when treatment is discontinued.
The meta-analysis commissioned by USPSTF suggested a 1.9-3.3 kg/m² difference in BMI 18 and the Cochrane review suggested a reduction in BMI of 3.0 kg/m². 17 NICE in its initial guideline CG43 in 2006 and partial update CG189 published in 2014 makes a number of specific recommendations regarding the emphasis and composition of lifestyle intervention programmes, which should be reflected in advice clinicians offer (see figure 3) . 5 19 The key recommendations are that the emphasis should not be on diet alone but on a combination of diet and increasing physical activity. At least 60 min of moderate activity a day is recommended with a reduction in the time spent on sedentary pastimes. 5 19 Diet should include calorie reduction not simply advice about healthy eating. In adolescents, recommendations suggest aiming for a weight loss of 0.5-1.0 kg/month. 5 19 In younger children, who are growing more rapidly weight maintenance may be an appropriate goal to aim for rather than weight loss. 19 Few community weight management programmes address the identification of comorbidities, so it is important that referring clinicians consider comorbidities such as impaired glucose tolerance, dyslipidaemia, blood pressure and snoring, which might be indicative of obstructive sleep apnoea (see table 1 ).
Parental weight is a key determinant of weight in childhood. If one parent is overweight, a child is 3 times more likely to be overweight and if both parents are overweight, a child is 10 times more likely to be overweight. This often raises the question as to what extent overweight in children is environmental and to what extent it may be genetic. Twin studies have demonstrated that genetic factors account for between 40% and 70% of the difference in BMI within the population. 23 However, in 'common' obesity, at least 32 different genetic loci have been associated with BMI. The polymorphisms at these loci cumulatively explain only 1.5% of the variation in BMI within the population. 24 This would account for 7.0-8.0 kg difference in adult weight where an individual to have polymorphisms at all 32 loci. The most common gene polymorphism, FTO, accounts for only 0.34% of the population variability in BMI-1.5-2.0 kg in weight. 24 In contrast, in children with severe obesity (BMI >+3.0 SDS) and in particular those with early-onset severe obesity (within the first 5 years of life-typically within the first year of life), up to 10% of individuals have been identified as having a monogenic cause of obesity. 20 In children with very severe early-onset obesity, referral to a tertiary specialist obesity service for consideration of genetic causes, particularly in children with learning difficulties or those with clinical hyerphagia and lack of satiety may be appropriate (see figure 4) . 8 25 In the majority however, while it is important to recognise that there may be a familial predisposition, one should explain to families it is not currently recommended that such polymorphisms be investigated by routine genetic testing as the contribution to overweight is small. 25 The emphasis should remain on lifestyle modification.
In children with early-onset severe obesity, those with very severe obesity, those who have failed to lose weight with Tier 2 programmes, those who have relapsed and those with significant comorbidities, NICE recommends referral to Tier 3 specialist obesity services. 19 Figure 5 illustrates a possible pathway via which children may be managed, initially in Tier 2 and indicates points at which Tier 3 referral may be appropriate. Unfortunately, even for adults, there are few commissioned Tier 3 services and lifestyle interventions are not well differentiated from Tier 2 services (many are repeats of Tier 2 services). 26 For children, service provision is even more fragmented. There are few, if any, commissioned Tier 3 multidisciplinary services that meet the NICE specification.
In children and adolescents unable to manage their weight with community interventions and who have weight-related comorbidities, the question as to whether pharmacological intervention is appropriate arises. NICE guidance does not recommend drug therapy except in specific circumstances. 5 19 ▸ In children <12 years of age, "drug treatment may be used only in exceptional circumstances, if severe comorbidities are present. Prescribing should be started and monitored only in specialist paediatric settings." ▸ In children >12 years of age-"treatment with orlistat is recommended only if physical comorbidities (such as orthopaedic problems or sleep apnoea) or severe psychological problems are present. Treatment should be started in a specialist paediatric setting by multidisciplinary teams with experience of prescribing in this age group." The Scottish SIGN guidelines suggest pharmacological intervention may be appropriate with severe obesity, BMI >99.6 centile when there are comorbidities or with very severe (>3.5 SDS) or extreme obesity (>4.0 SDS) across the age spectrum, including younger children. 7 Both recommend that treatment under the umbrella of a 'specialist clinic'.
Although therapeutic options are limited, the prescribing of medication for children and adolescents has risen 15-fold over the last decade. 27 Of the three drugs licensed and marketed for weight loss over recent years, only Orlistat remains available. Rimonabant which blocked centrally located cannabinoid receptors decreasing food intake and sibutramine a centrally acting serotonin reuptake inhibitor have both been withdrawn due to side effects. Orlistat is licensed by the Federal Drug Administration for use in individuals over 12 years. Orlistat, a pancreatic lipase inhibitor, reduces fat absorption from the diet by about 30%. 28 This results in a reduction in calorie intake of approximately 200 calories per day. NICE recommends that where Orlistat is considered, a 6-12-month trial is undertaken, and a multivitamin supplementation is given as it reduces absorption of fat-soluble vitamins. 19 Several studies have examined the efficacy of Orlistat in adolescent populations. One systematic review suggested that Orlistat together with dietary and exercise counselling led to an average weight loss of 2.3 kg over 12 months with a reduction in BMI of 0.83 kg/m². 29 A separate meta-analysis included different studies and suggested a reduction in BMI of 1.67 kg/m² with an absolute weight loss of 6 kg. 30 Only one very small study has looked at Orlistat in prepubertal children <12 years and demonstrated a weight loss of approximately 4.0 kg over a 3-month period. 31 While Orlistat does appear to support modest weight loss of between 2.5 and 6.0 kg in both prepubertal and adolescent children, it is not well tolerated. Gastrointestinal side effects have been reported in up to 50% of participants and dropout rates from studies range from 6% to 33%. 30 UK prescribing data suggest that 45% of individuals prescribed Orlistat take it for less than a month before discontinuing treatment. 27 There is some evidence that metformin, a biguanide oral hypoglycaemic agent, is efficacious in promoting weight loss. A meta-analysis of pooled data from five studies suggested a reduction in BMI of 1.4 kg/m² compared with placebo. 29 Participants reported gastrointestinal side effects in 20-30% of cases, but dropout rates were relatively low at <12%. 29 Metformin Figure 5 A possible pathway by which to consider the investigation and management of children with obesity.
also produces modest reductions in cholesterol and insulin resistance. In younger children less than 12 years, weight loss of approximately 3.4 kg has been reported (reduction in BMI of 1.09 kg/m²). 32 Long-term randomised controlled trials evaluating the role of metformin for weight loss alone are required but small relatively short clinical trials, typically of 6 months, do provide some preliminary evidence that metformin may be beneficial in promoting weight loss and modifying cardiovascular risk factors. It may be appropriate in those with impaired glucose tolerance or high fasting insulin or Homeostatic Model Assessment (HOMA) score >4.5. 8 However, studies have shown that weight loss is more effective than metformin in improving hyperinsulinism. 33 Most comorbidities improve with weight loss and this should be the primary objective. How much weight an individual needs to lose to benefit in health terms is difficult to define but 5-7% would likely have significant benefit. In adults, weight loss of 7% substantially reduced the risk of developing type 2 diabetes. 33 In orthopaedic conditions like knee problems, 5% weight loss conferred significant benefit. 34 Where individuals fail to lose weight, comorbidities may need specific treatment.
A number of drugs are currently under investigation regarding their potential to promote weight loss. The glucagon-like peptide agonists Liraglutide and Exenatide have shown modest dose-dependent improvements in body weight averaging −1.6 to −2.8 kg. 35 Topiramate, an anticonvulsant GABA agonist, has also been noted to suppress appetite and promote weight loss. 36 None of these drugs, trialled in adults, has yet received a licence to treat obesity.
For those with very severe/extremely severe obesity and established comorbidities, bariatric surgery for adolescents is undoubtedly efficacious, but its use remains controversial. Were they to be over 18 years, such individuals would meet the NICE guidance criteria for bariatric surgery (BMI >40 and BMI >35 with comorbidities). 19 Bariatric surgery, for example, reverses type 2 diabetes in adolescents. NICE makes provision within its guidance for consideration of obesity surgery in adolescents in exceptional circumstances (see figure 3) . NHS England is currently examining the commissioning of Tier 4 bariatric services for adolescents but while there are currently no formally commissioned services, several UK centres offer surgery in exceptional circumstances. A meta-analysis of 23 studies (incorporating data from 637 patients) demonstrated a reduction in BMI at 1 year of 13.5 kg/m². 37 Our own experience demonstrated an average weight loss of 67 kg with a mean reduction in weight from 177 to 123 kg and BMI from 64.7 to 46.3 kg/m² 2 years postprocedure. 38 However, such procedures remain a last resort only when other options have been unsuccessful.
Childhood obesity is a significant problem in the UK. Many parents do not fully appreciate that their children are overweight and it is important that clinicians identify children who are overweight and obese. In children with severe obesity (>99th centile), weight frequently tracks from childhood into adult life and the incidence of longer term cardiovascular and metabolic risk factors is high. It is important that these are identified that children and their families are encouraged to participate in lifestyle intervention programmes. Where these are unsuccessful or children have serious comorbidities, they should be signposted to specialist weight management services for further investigation and management.
